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(54) SELF-LEVELING WATER-BASE COMPOSITION 



(57) The present invention relates to a self-leveling 
aqueous composition comprising 100 parts by weight of 
a base material which is a mixture of cement and natu- 
ral type- 1 1 anhydrous gypsum which are mixed in a 
weight ratio from 40/60 to 80/20, 0. 1 to 3 parts by weight 
of an acrylic dispersant or a dispersant mixture which 
contains 0.1 to 3 parts by weight of an acrylic dispersant 
and 0.1 to 2 parts by weight of a melamine dispersant; 
0.01 to 0.6 parts by weight of a thickener; 0.01 to 0.6 
parts by weight of a defoaming agent; 0.05 to 1 part by 
weight of a setting accelerator; 0.2 to 6 parts by weight 
of a shrinkage inhibitor; 30 to 300 parts by weight of an 
aggregate; and 30 to 60 parts by weight of water. 

The self-leveling aqueous composition has excel- 
lent characteristics in that it generates only very little 
changes in length, does not generate cracks or sepa- 
rate from the substrate, and has high waterproofing per- 
formance, without being affected by environmental 
conditions or thickness of the installation. In addition, it 
maintains a high fluidity for a long period. Accordingly, it 



is possible to manufacture the composition in a factory, 
and transport it to the working site by an agitator truck 
for pouring on the substrate. Thus, the compositions of 
the present invention are excellent from the viewpoints 
of quality and working efficiency. 
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Description 

Technical Field : 

The present invention relates to a self-leveling aqueous composition for making a horizontal floor surface in a build- 
ing. More particularly, the present invention relates to a self-leveling aqueous composition which maintains high fluidity 
for a long time, and which thus can be transported to a working site by an agitator truck while being agitated before 
working. 

Background Art : 

Recently, ready-mixed self-leveling materials (hereinafter referred to as ready-mixed SL materials) have been 
developed which are capable of achieving improvements in quality control and large-scale placement, and they have 
become of interest in this technical field. Ready-mixed SL materials are mixed by kneading in a special plant for them 
and are transported by an agitator truck to a working site where they are to be used. Therefore, they are required to 
have a pot life of 6 to 7 hours during which high fluidity can be constantly maintained. In addition, since a working sched- 
ule requires that a surface of a self-leveling material which has been installed be set to an extent permitting work ther- 
eon on the day following installation, the final setting time is required to be at most 20 hours, and desirably at most 15 
hours. 

A ready-mixed SL material which has a long term pot life and which provides a surface which is hard enough for 
work thereon on the following day is disclosed, for example, in Japanese Patent Application Laid-open (kokai) No. 4- 
209,737. The material disclosed in that publication, however, has the drawbacks that cracks are not satisfactorily pre- 
vented from occurring after the material has set, and that separation from the substrate is not sufficiently prevented. 

Conventionally, two groups of self-leveling materials, a gypsum-type group and a cement-type group, have been 
known. Gypsum-type materials produce less cracks owing to their small drying shrinkage, but have a drawback in that 
they cannot be used for areas in which water is used because of their poor waterproofing property. By contrast, cement- 
type materials have excellent waterproofing properties, but are liable to produce cracks due to drying shrinkage. In 
order to prevent generation of cracks, a method has been proposed in which an expansive additive of a lime type mate- 
rial, calcium aluminate type material, etc. is added to a cement-type SL material (Japanese Patent Publication (kokoku) 
No. 64-1425). However, this method involves a high risk of causing separation of the material from the substrate or pro- 
ducing cracks under highly humid conditions, because humid conditions allow the material to expand excessively. More- 
over, if the material placed on the substrate has a large thickness, cracks or separation attributed to the difference in 
length change at the upper and lower parts of the SL material easily occur. There is another proposal in which a lower 
alcohol alkyleneoxide adduct is used as a shrinkage inhibiting agent so as to prevent generation of cracks due to drying 
shrinkage (Japanese Patent Application Laid-open (kokai) No. 59-227751). However, this method provides neither a 
satisfactory long pot life, which is a goal of the present invention, nor a sufficient crack prevention effect. 

In order to improve the above-described gypsum-type and cement-type self-leveling materials, it has been pro- 
posed that gypsum and cement be used in combination, thereby achieving a self-leveling material which shrinks only 
slightly when dried, and which has excellent waterproofing properties (Japanese Patent Publication (kokoku) No. 5- 
35100). However, since the gypsums used in this publication are by-product gypsums (anhydrous fluorogypsum (II), 
etc.) or gypsum hemihydrates, they react rapidly and their expansion is difficult to control during setting. Therefore, they 
excessively expand under certain environmental conditions, producing cracks or separating from the substrate. 

Accordingly, an object of the present invention is to provide a self-leveling aqueous composition which has a long 
pot life, which provides a surface which is hard enough for work thereon on the day following installation of the compo- 
sition, which does not produce cracks after setting, which adheres to the substrate surface securely without separating, 
and which has excellent waterproofing properties. 

Disclosure of the Invention : 

Under the above circumstances, the inventors of the present invention carried out extensive studies, and as a 
result, found that a self-leveling aqueous composition which comprises a mixture of cement and natural ll-type anhy- 
drous gypsum at a certain weight ratio as a base material and an acrylic dispersant or an acrylic dispersant in combi- 
nation with a melamine dispersant as a dispersant achieves the above-described object. 

That is, when a base material contains natural ll-type anhydrous gypsum which sets slowly and expands slightly, it 
is possible to solve the problems of generation of cracks, separation from the substrate, and shortened pot life caused 
by high reactivity that have frequently occurred when by-product anhydrous gypsum of type II or gypsum hemihydrate 
is used. Moreover, a combined use of cement and natural type-ll anhydrous gypsum can prevent generation of cracks 
and separation from the substrate for a long time because a slight amount of expansion caused from setting of natural 
type-ll anhydrous gypsum compensates for the drying shrinkage of cement, thereby minimizing the change in length. 



EP0725 044A1 



Generally, it is difficult for natural type-ll anhydrous gypsum to provide enough strength required for SL materials 
because it is less reactive than by-product anhydrous gypsum or gypsum hemihydrate. However, the inventors of the 
present invention discovered that if a mixture, at a certain ratio, of cement and gypsum containing natural ll-type anhy- 
drous gypsum as its major parts, is used as a base material, an acrylic dispersant or another dispersant composed of 
a certain graft copolymer is used singly or in combination with a melamine dispersant, and the mixture, the dispersant, 
and other materials are used in amounts that satisfy a suitable proportion, it is possible to obtain an SL material of 
excellent quality which has sufficient strength and which neither generates cracks nor separates from the substrate 
after setting. 

Accordingly, the present invention provides a self-leveling aqueous composition comprising 100 parts by weight of 
a base material which is a mixture of cement and natural type-ll anhydrous gypsum which are mixed at a weight ratio 
from 40/60 to 80/20; 0.1 to 3 parts by weight of an acrylic dispersant or a dispersant mixture which contains 0.1 to 3 
parts by weight of an acrylic dispersant and 0.1 to 2 parts by weight of a melamine dispersant; 0.01 to 0.6 parts by 
weight of a thickener; 0.01 to 0.6 parts by weight of a defoaming agent; 0.05 to 1 part by weight of a setting accelerator; 
0.2 to 6 parts by weight of a shrinkage inhibitor; 30 to 300 parts by weight of an aggregate; and 30 to 60 parts by weight 
of water. 

Best Mode for Carrying Out the Invention : 

In the present invention, the waterproofing performance of the base material is enhanced as the amounts of 
cement increase. The higher the ratio of gypsum is, the less the shrinkage, prolonging the pot life. In the present inven- 
tion, the ratio by weight of cement to gypsum is from 40/60 to 80/20. If the quantity of cement exceeds this range, shrink- 
age after drying becomes great, increasing the risk of generating cracks or causing separation of the material from the 
substrate. On the other hand, if the quantity of gypsum exceeds this range, strength and waterproofing performance 
deteriorate. Generally, a range from 50/50 to 70/30 is preferred. 

Examples of the cement include portland cements such as ordinary cement, high-early-strength cement, ultra high- 
early-strength cement, moderate heat cement, and sulfate resisting cement; and blended cements such as blast-fur- 
nace slag cement, fly ash cement, and silica cement. 

As gypsum, natural type-ll anhydrous gypsum is used. Natural type-ll anhydrous gypsum may be used with not 
more than 30% by weight thereof being substituted by by-product type-ll anhydrous gypsum, or with not more than 20% 
by weight thereof being substituted by gypsum hemihydrate. 

Especially in the case where an acrylic dispersant is used by itself as a dispersant, it is preferred that natural type- 
ll anhydrous gypsum be used together with by-product type-ll anhydrous gypsum or gypsum hemihydrate in order to 
obtain enhanced strength. However, if by-product type-ll anhydrous gypsum or gypsum hemihydrate is contained in 
natural type-ll anhydrous gypsum, the resultant mixture sets quickly and exhibits its strength earlier than the case 
where natural type-ll gypsum is used singly, deteriorating the fluidity and the pot life. Therefore, outside of the above- 
mentioned range is not preferable. 

Examples of the acrylic dispersant include the following compounds: 

(a) Dispersant S : A water-soluble vinyl copolymer which is obtained by copolymerizing a monomer of the structural 
unit represented by the following formula (1), a monomer of the structural unit represented by the following formula 
(2), and a monomer (3) which is capable of being copolymerized with monomer of formula (1) and monomer of for- 
mula (2) in a proportion of 40-80/20-60/0-20 mol%: 



EP 0 725 044 A1 



CH 9 — 



Ri • 
I 

C 

COOM 1 



(i) 



10 



15 



CHs 



R 2 -, 
I 



I 

COO 



(2) 



■(CH 2 CH 2 0) k R3 



20 



25 



30 



wherein R 1 and R 2 are the same or different and each represents H or CH 3 ; R 3 is C1 -C5 alkyl, M 1 is an alkali metal, 
an alkaline earth metal, or an organic amino group; and k is an integer from 5 to 50. 

Examples of the structural unit represented by formula (1) include salts of (meth)acrylic acid and an alkali metal 
such as sodium, potassium, etc.; salts of (meth)acrylic acid and alkaline earth metals such as calcium; and salts of 
(meth)acrylic acid and alkanolamines such as diethanolamine, triethanolamine, etc. Examples of the structural unit 
represented by formula (2) include alkoxy (C1-C5) polyethylene oxide or polypropylene oxide (5 - 50 moles of eth- 
ylene oxide have been added) and alkyleneglycol(meth)acrylate. More specifically, methoxypoly(5 to 50 moles of 
ethylene oxide being added)ethyleneglycol(meth)acrylate may be used. Examples of the structural unit of the mon- 
omer which is copolymerizable with monomers of formulas (1) and (2) include sodium (meth)allylsulfonate and 
methyl(meth)acrylate. The water-soluble vinyl copolymers which are used in the present invention have a number 
average molecular weight by number from 1 ,500 to 50,000, and more preferably, from 2,000 to 20,000 (see, for 
example, Japanese Patent Publication (kokoku) Nos. 59-18,338 and 5-1 1,057). 

(b) Dispersant T : A graft copolymer which is constituted by structural units of the following formulas (3) to (6), 
wherein the unit represented by formula (3) is from 40 to 80 mol%, the unit represented by formula (4) is from 1 to 
30 mol%, the unit represented by formula (5) is from 1 to 20 mol%, and the unit represented by formula (6) is from 
5 to 30 mol%. 
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wherein R 4 to R 8 are the same or different from each other and each represents H or CH 3 ; R 9 is C1 -C5 alkyl, M 2 
and M 3 are an alkali metal, an alkaline earth metal, or an organic amino group; X is CH 2 CH 2 0, CH 2 CH(CH 3 )0, or 
CH 2 ; Y is a polymer block obtained by a radical copolymerization of acrylic amide and a salt of 2-acrylamide-2- 
methylpropanesulfonic acid; m is an integer from 0 to 10; and £ is an integer from 0 to 30. 

Examples of the structural unit of formula (3) include salts of (meth)acrylic acid and an alkali metal such as 
sodium, potassium, etc.; salts of (meth)acrylic acid and alkaline earth metals such as calcium; and salts of 
(meth)acrylic acid and alkanolamines such as diethanolamine, triethanolamine, etc. Examples of the structural unit 
of formula (4) include a product of 2-hydroxyethyl methacrylate, polyethylene glycol (2 to 10 moles of ethylene oxide 
have been added) monomethacrylate and a polymer block Y obtained by a radical copolymerization of acrylic 
amide and a salt of 2-acrylamide-2-methylpropanesulfonic acid. Examples of the structural unit of formula (5) 
include salts of (meth)allylsulfonic acid and an alkali metal such as sodium, potassium, etc. Examples of the struc- 
tural unit of formula (6) include methoxypolyethylene glycol methacrylate, methylacrylate, etc. 

The method of manufacturing (b) dispersant T, a graft copolymer, is not particularly limited. For example, the 
monomers other than polymer block Y are subjected to a radical copolymerization in an aqueous system using a 
radical polymerization reactor such as persulfate to prepare a precursor of a graft copolymer, and subsequently, a 
salt of acrylic amide and 2-acrylamide-2-methylpropanoic acid for forming a polymer block Y is added to the pre- 
cursor preferably in a molar ratio from 90/10 to 50/50 to cause a graft polymerization using a eerie salt as a catalyst. 

The number average molecular weight of the part of the graft copolymer corresponding to the precursor is pref- 
erably from 2,000 to 20,000 (GPC method, converted into pullulan). The graft copolymer resulting from linking of 
this part and a polymer block Y by graft copolymerization preferably has a reduced concentration (20°) in a range 
from 0.10 to 0.8 when measured in a 1% solution of 1 N NaCI. 

(c) Dispersant U : A water-soluble vinyl copolymer obtained by a radical copolymerization of structural units of the 
following formulas (7) to (11) in the ratio of 45-65/8-23/3-25/5-25/3-15 mol% in an aqueous phase. 
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wherein R 10 , R 11 , R 12 , R 13 , R 15 : H or CH 3 ; R 14 . R 16 : C1-C3 alkyl; X: -S0 3 M 5 or a group represented by the follow- 
ing formula (12): 



0 



(12), 



M 4 , M 5 , M 6 : an alkali metal, an alkaline earth metal, ammonium or an organic amine; 
n: an integer from 1 to 30; and 
p; an integer from 5 to 50. 

Examples of the structural unit of formula (7) include alkali metal salts, alkaline earth metal salts and alkanolamine 
salts of (meth)acrylic acid. 

Examples of the structural unit of formula (8) include 1 ) alkali metal salts of methallylsulfonate, alkaline earth metal 
salts of methallylsulfonate, alkanolamine salts of methallylsulfonate, etc., and 2) alkali metal salts of p-methallyloxyben- 
zene sulfonate, alkaline earth metal salts of p-methallyloxybenzene sulfonate, alkanolamine salts of p-methallyloxyben- 
zene sulfonate, etc. 

Examples of the structural unit of formula (9) include polyethylene glycol mono(meth)allyl ether in which 1-30 moles 
of ethylene oxide have been added and methoxypolyethylene glycol (meth)allylether in which 1 -30 moles of ethylene 
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oxide have been added. Of these, polyethylene glycol mono(meth)allylether in which 5-25 moles of ethylene oxide have 
been added and methoxypolyethylene glycol (meth)allylether in which 5-25 moles of ethylene oxide have been added 
are particularly preferred. 

Examples of the structural unit of formula (10) include esters of (meth)acrylic acid and monoalkoxy polyethylene 

5 glycol such as methoxypolyethylene glycol, ethoxypolyethylene glycol, propoxypolyethylene glycol, isopropoxypolyeth- 
ylene glycol and the like in which 5 to 50 moles of ethylene oxide have been added. 

Examples of the structural unit of formula (11) include (meth)acrylic esters such as methyl(meth)acrylate, 
ethyl(meth)acrylate, propyl(meth)acrylate, and isopropyl(meth)acrylate. 

The proportion of the structural units of formulas (7) to (1 1) for copolymerization, i.e., (7)/(8)/(9)/(10)/(1 1) is 45-65/8- 

10 23/3-25/5-25/3-1 5 based on % by mole. If the proportion falls outside this range, the resultant water-soluble vinyl copol- 
ymer cannot exhibit the intended effects as a dispersant. It is preferred that the number average molecular weight of the 
thus obtained water-soluble vinyl copolymer be from 2,000 to 20,000 (by a GPC method, converted into pullulan). 

Among the structural units represented by formulas (7) to (1 1), the monomers of formulas (8) and (9) are important. 
Particularly, when methallylsulfonate and p-methallyloxybenzene sulfonate are used in combination as monomers (8), 

is the resultant water-soluble vinyl copolymers give a stable, high fluidity to SL materials incorporating the copolymers 
without being affected by the variation of temperature. 

The above water-soluble vinyl copolymers identified as (c), i.e., dispersant U can be obtained by a radical copoly- 
merization in which the monomers corresponding to the above-described structural units are used in a predetermined 
ratio for copolymerization. It is important that the copolymerization be carried out by an aqueous solution polymerization 

20 using water or a solvent mixture of water and a water-soluble organic solvent In detail, monomers are dissolved in 
water to prepare an aqueous solution containing 10 to 45% in total of the monomers. Next, a radical polymerization ini- 
tiator is added to the aqueous solution in an atmosphere of nitrogen, and radical copolymerization is allowed to proceed 
at 50 to 70°C for 5 to 8 hours to obtain a water-soluble vinyl copolymer. The radical polymerization initiator is not par- 
ticularly limited as long as it is consumed in the reaction at a temperature at which copolymerization reaction proceeds 

25 while releasing radicals. Especially, water-soluble radical polymerization initiators are preferred. Examples of the water- 
soluble radical polymerization initiators include persulfates such as potassium persulfate and ammonium persulfate, 
hydrogen peroxide, and 2,2-azobis(2-amidinopropane) • 2HCL They may be combined with a reducing substance such 
as sulfites and L-ascorbic acid, or amines, etc., and may be used as redox polymerization initiators. 

With regard to the melamine dispersant, those which contain, as a primary component, a highly condensated prod- 

30 uct of melaminesulfonic acid and formalin are preferably used. 

These dispersants are used for the purposes of obtaining highs fluidity and a pot life of 6 hours or more. It is note- 
worthy that increased amounts of acrylic dispersants prolong the pot life because they have significant delaying effects, 
and increased amounts of melamine dispersants enhance the fluidity because they have high dispersing ability though 
their delaying effects are small. If the amounts of the acrylic dispersants to be added are not more than 0.1 part by 

35 weight, no effects are expected. By contrast, addition of the acrylic dispersants in not less than 3 parts by weight causes 
delay in setting or deteriorated strength. Accordingly, it is preferred that the amounts of acrylic dispersants be generally 
from 0.1 to 3 parts by weight, and particularly preferably from 0.4 to 1.2 parts by weight. On the other hand, when the 
amounts of the melamine dispersants to be added are not more than 0.1 part by weight, no effects are expected, and 
when the amounts are not less than 2 parts by weight, deteriorated strength or separation of the material from the sub- 

40 strate occurs. Accordingly, it is preferred that the amounts of melamine dispersants be generally from 0. 1 to 2 parts by 
weight, and particularly preferably from 0.2 to 1 .0 parts by weight. 

In the present invention, when the gypsum is natural type-ll anhydrous gypsum alone, delay in setting accompanied 
by deteriorated strength might be incurred if the acrylic dispersants are used alone (especially in the case where dis- 
persants S or T are used). To prevent this, a combined use with melamine dispersants which do not inhibit hydration of 

45 gypsum and which have weak effects of delaying setting is recommended. 

If the gypsum contains by-product type-ll anhydrous gypsum or gypsum hemihydrate, both a single use of acrylic 
dispersants and a combined use of acrylic dispersants and melamine dispersants may work because gypsum sets rel- 
atively quickly and exhibits high strength. 

When either dispersant S or dispersant T is used as an acrylic dispersant, it cannot exhibit effects if used not more 

so than 0.1 parts by weight. If the amounts are not less than 3 parts by weight, delay in setting or deterioration in strength 
is caused. Accordingly, it is preferred that their amounts be from 0. 1 to 3 parts by weight In general cases, a range from 
0.4 to 1.2 parts by weight is preferred. 

When dispersants U are used in amounts falling in the above-mentioned ranges, they exhibit a delaying effect nec- 
essary to secure the pot life. They never inhibit the subsequent hydration reaction of gypsum or cement, and therefore, 

55 they follow an excellent course of exhibiting strength. Moreover, since temperature changes affect the dispersion per- 
formance only slightly, good and stable fluidity can be obtained in any environmental situations. Addition of dispersant 
U is not effective in amounts not more than 0.1 parts by weight, whereas addition in amounts not less than 3 parts by 
weight cause delay in setting or deterioration in strength. Accordingly, it is preferred that their amounts be from 0.1 to 3 
parts by weight. In general cases, a range from 0.4 to 1.2 parts by weight is preferred. 
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Examples of thickeners include methylcellulose, hydroxyethylcellulose, and carboxymethylcellulose. Addition of a 
thickener is effective for preventing the separation of the material. Moreover, moisture holding ability of thickeners 
improve the resistance against drying shrinkage. Amounts not more than 0.01 parts by weight do not produce any 
effects, whereas amounts not less than 0.6 parts by weight deteriorate the fluidity and mar the self-leveling perform- 
5 ance. 

Accordingly, they are generally used in amounts from 0.01 to 0.6 parts by weight. It is particularly preferred that the 
amounts be in a range from 0.05 to 0.4 parts by weight. 

The defoaming agents prevent swelling Or depression of the floor surface caused by air bubbles. The defoaming 
agents used in the present invention are known defoaming agents such as silicone surfactants, nonionic surfactants, 

w etc. They are used in amounts from 0.01 to 0.6 parts by weight. Use in excessive amounts is not economical since it 
does no more improve the effects. Use in a range of 0.05 to 0.4 parts by weight is particularly preferred. 

The setting accelerators accelerate hydration of gypsum, and include sulfuric acid salts of alkali metals or alkaline 
earth metals, with potassium sulfate being particularly preferred. Use in amounts not more than 0.05 parts by weight 
cannot exhibit any effects, whereas use in not less than 1 part by weight may cause deteriorated fluidity and shortened 

75 pot life. Therefore, they are generally used in amounts from 0.05 to 1 part by weight. Use in a range of 0.01 to 0.6 parts 
by weight is particularly preferred. 

The shrinkage inhibitors reduce the drying shrinkage and enhance the resistance against crack generation espe- 
cially at high temperatures under drying conditions. The shrinkage inhibitors used in the present invention may be 
known ones including polyalkylene glycols such as poly(2-12 mol)propyiene glycol and poly(2-12 mol)propylenepoly(2- 

20 6 mol)ethylene glycol; and C1-C6 alkoxypoly(2-12 mol)propyienepoly(2-6 mol)ethylene glycol. The shrinkage inhibitors 
in amounts not more than 0.2 parts by weight cannot exhibit their effect, whereas amounts not less than 6 parts by 
weight may cause deterioration in strength. Thus, they are used in amounts of 0.2 to 6 parts by weight. Under ordinary 
conditions, use in the range from 0.5 to 2 parts by weight is preferred. If environments of high temperatures are 
expected, it is preferred that the amounts be increased up to 6 parts by weight. 

25 The aggregates used in the present invention are river sand, sea sand, land sand, crushed sand, silica sand, etc. 
They are preferably used as dry sands, but wet sands can also be used without any hindrance. Moreover, fly ash, blast- 
furnace slag, potassium carbonate may be used singly or in combination with these sands. The aggregates preferably 
have a grain size of not more than 5 mm and an F.M. ranging from 1 .5 to 3.0. The amounts are from 30 to 300 parts by 
weight. Amounts of 30 parts by weight or less increase the magnitude of shrinkage, and amounts of 300 parts by weight 

30 or more cause deterioration in strength and fluidity, thus both are not preferable. It is particularly preferred that the 
amounts of aggregates be from 60 to 1 20 parts by weight. 

Water is added in such amounts that are adapted to the flow value described in JASS1 5M-1 03 "Quality Standards 
for Self-leveling Materials" by Architectural Institute of Japan (the value: 19 cm). Generally, the amounts are from 30 to 
60 parts by weight. 

35 The self-leveling aqueous compositions according to the present invention may contain extenders, additives, etc. 
in addition to the essential components as described hereinbefore as long as they do not adversely affect the properties 
of the present compositions. 

Examples: 

40 

The present invention will be described by way of examples, which should not be construed as limiting the inven- 
tion. 

The materials used in the Examples are listed below. 
45 Substrates: 



Ordinary portland cement (by Onoda Cement Co.) 


Natural type-ll anhydrous gypsum (product of Thailand): 

By-product type-ll anhydrous gypsum (manufactured by Central Glass Co., f luorogypsum): 
a-Hemihydrate gypsum (manufactured by Onoda Cement Co.) 


3,900 cm 2 /g 
5.000 cm 2 /g 
3,500 cm 2 /g 
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Expanding Agent: 

An expanding agent based on lime, Expan (Manufactured by Onoda Cement Co.) 
5 Dispersants: 

S1 : A water-soluble vinyl copolymer with a structural unit of sodium methacry late/sodium methallylsulfonate/meth- 
oxypoly(n=23)ethyleneglycol methacrylate = 55/15/30 (mol%) (molecular weight: 6,000) 
S2: A water-soluble vinyl copolymer with a structural unit of sodium methacrylate/methoxypoly(n=9)ethyteneglycol 
10 methacrylate = 60/40 (mol%) (molecular weight: 4,000) 
T1 to T5: see Table 1 
U1 to U4 and V1 to V5: see Table 2 

M: Highly condensated salt of melamine sulfonic acid - formalin 

15 Setting Accelerator: Potassium sulfate 

Shrinkage Inhibitor: Poiy(7 mol)propylene glycol, Hibidan (Takemoto Yushi Kabushiki Kaisha) 
Thickening Agent: M Methylcellulose, SEB-04T (manufactured by Shin'etsu Kagaku) 

Defoaming Agent: 

20 

Alcohol-base nonionic surfactant, SN-Defoamer 14HP (manufactured by Sannopco Co.) 
Aggregate: Silica sand (product of Yamagata prefecture, F.M.=2.3) 
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Table 2 



Mixing conditions of dispersing agents used 


Kinds 


Monomers and their copolymerization ratio (mol%) 


Molecular weiaht 




Monomer a 


Monomer b 


Monomer c 


Monomer d 


Monnmpr p 






a-1 


a-2 


b-1 


b-2 


c-1 


c-2 


d-1 


d-2 


d-3 


e-1 




U1 




ou 


m 


o.o 


q 




10 5 






11 


3600 


1)2 




59 


11 


5 


10 








6 


Q 


6800 


U J 




50 


10 






15 




20 




5 


ftfinn 

ouuu 


U4 


61 




9 


3 




10 


11 






6 


12000 


V1 




60 












40 






5000 


V2 




55 


15 








30 








6000 


V3 




63 


8 










19 




10 


7300 


V4 




60 






20 




10 






10 


10000 


V5 


35 






20 










8 


20 


25000 


Note) 

In Table 2, monomers a to e are those which correspond to the structural units having the formulas (7) to (1 1) 

described hereinbefore. 

a-1: Sodium acrylate, 

a-2: Sodium methacrylate, 

b-1: Sodium methallylsulfonate 

b-2: Sodium p-methallyloxybenzenesulfbnate 

c-1 : Polyethyieneglycol(n=8)monoallylether 

c-2: Polyethyleneglycol(n=4)monoallylether 

d-1 : Methoxypolyethyleneglycol(n=23)methacrylate 

d-2: Methoxypolyethyleneglycol(n=9)methacrylate 

d-3: Methoxypolyethyleneglycol(n=40)methacrylate 

e-1: Methylacrylate 



Method of preparing graft copolymers (T1 to T5): 

Methacryiic acid (66 parts by weight, hereinafter the same applies), 2-hydroxyethyImethacrylate (28.5 parts), 
sodium methallylsulfonate (31 parts), methoxypolyethyleneglycol(number of mols of ethylene oxide added (n) = 
23)monomethacrylate (273 parts), and water (500 parts) were charged in a flask equipped with a stirrer. 64 parts of 
48% (% by weight, hereinafter the same applies) aqueous solution of NaOH were added to the flask for neutralizing the 
mixture, and the mixture was dissolved to obtain a uniform solution. Subsequently, the atmosphere was replaced with 
nitrogen gas. The temperature of the reaction system was maintained at 55°C in a hot bath, and 12 parts of eerie nitrate 
in ammonium (1/10 mol of cerium ions in 1 N nitric acid) were added to complete a graft polymerization reaction. The 
resultant product was condensed with an evaporator, purified by allowing it to precipitate from a mixture solvent of ace- 
tone/ethyl acetate, and dried. As a result, a graft copolymer (T1) was obtained. Analysis of the graft copolymer (T1) 
revealed the following: carboxyl value: 85, content of nitrogen: 2.9%, content of sulfur: 1.7%, reduced viscosity (1% con- 
centration, 20°C, in 1N NaCI solution): 0.27. Thermal decomposition gas chromatography and NMR revealed that the 
graft copolymer (T1) is a copolymer in which a copolymer before undergoing graft polymerization of sodium methacr- 
ylate/2-hydroxyethylmethacrylate/sodium methallylsulfonate/methoxypoly(n=23)ethyleneglycol methacrylate 
(53/15/14/18 by molar ratio) is linked with a polymer block of a copolymer of polyacrylamide/sodium 2-acrylamide-2- 
methylpropanesulfonate (92/8 by molar ratio), and that the proportion of the "polymer blockTcopolymer before under- 
going graft polymerization", both having the above component ratios, is 21/100 (on a weight basis). 

In a similar manner, the graft copolymers (T2) to (T5) listed in Table 1 were obtained. 
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Method of preparing water-soluble vinyl copolymers (U1 to U4): 

Methacrylic acid (54 parts, 0.628 mol), sodium methallylsulfonate (18 parts, 0.1 14 mol), sodium p-methallyloxyben- 
zenesulfonate (10 parts, 0.04 mol), polyethyleneglycol(n=8, n is the number of mols of ethylene oxide added, the same 

s applies hereinafter)monoallylether (40 parts, 0.098 mol), methoxypolyethyleneglycol(n=23)methacrylate (128 parts, 
0.120 mol), methylacrylate (1 1 parts, 0.128 mol) and ion-exchange water (260 parts) were charged in a flask, and the 
mixture was dissolved with stirring. Subsequently, 84 parts of aqueous 30% NaOH solution were added for neutralizing 
the mixture, and the pH of the reaction system was adjusted to 8.5. While maintaining the temperature of the reaction 
system at 60°C in a hot bath, the atmosphere of the reaction system was replaced with nitrogen. 30 parts of 20% aque- 

10 ous ammonium persulfate were added as a polymerization initiator to carry out a polymerization. After polymerization 
continued for 4 hours, 15 parts of 20% aqueous ammonium persulfate were further added and reaction was continued 
for 3 hours more before the completion of polymerization. 

In order to neutralize acidic decomposition products, 3 parts of 30% NaOH were added, thereby completely neu- 
tralizing the system and yielding a product Unreacted monomers contained in the thus obtained product was removed 

15 by condensing the product with an evaporator, allowing to precipitate in petroleum ether, and filtering off. Subsequently, 
the filtrate was dried in vacuo to obtain 275 parts of a purified water-soluble vinyl copolymer (U1 ). Analysis of the water- 
soluble vinyl copolymer (U1) revealed the following: carboxyl value: 128, content of sulfur: 1.74%, content of Na20: 
8.8%, and content of sodium p-methallyloxybenzenesulfonate: 3.5%. NMR analysis revealed that the copolymer has a 
proportion of the components, sodium methacrylate/sodium metallylsulfonate/sodium p-methallyloxybenzenesul- 

20 fonate/polyethylene glycol(n=8)monoallylether/methoxypolyethylene glycol(n=23) methacrylate/methylacrylate of 
56/10/3.5/9/10.5/1 1 (molar ratio), and that the number average molecular weight is 3,600 (converted into GPC pullulan, 
the same applied hereinafter). 

In a similar manner, water-soluble vinyl copolymers U2 to U4 and V1 to V5 listed in Table 2 were prepared. 

25 Examples 1 to 30 and Comparative Examples 1 to 26: 

All the components in Tables 3, 4 and 5 at proportions indicated in the Tables were mixed with a HOBART mixer for 
3 minutes at 5°C, 10°C, 20°C, or 30°C until a uniform mixture is obtained, to prepare a self-leveling material. The fol- 
lowing quality tests were carried out on the obtained self-leveling material. The results are shown in Tables 6 to 15. 

30 

(1) Flow value: 

The flow value was measured according to JASS15M-103 "Quality Standards for Self-leveling Materials" by Archi- 
tectural Institute of Japan. 

35 

(2) Changes over time of flow value: 

A self -leveling material prepared as described above was held in a stationary state, and 3 hours and 6 hours there- 
after, the material was kneaded with a spatula for about 1 minute. Subsequently, in a manner similar to that for the flow 
40 value, an average value was obtained. 

(3) J-funnel value: 

J-funnel value was measured according to the constancy testing method No. 1 7 proposed by Japan Society of Civil 
45 Engineers based on the Handbook of Industrial Material Standards (The Society of Materials Science, Japan). The 
inner diameter of the straight section of the J-funnel used was 10 mm. 

(4) Changes over time of J-funnel value: 

so A self-leveling material prepared as described above was held in a stationary state, and 3 hours and 6 hours there- 
after, the material was kneaded with a spatula for about 1 minute. Subsequently, in a manner similar to that for the J- 
funnel value, an average value was obtained. 

(5) Rate of change in length: 

55 

The rate of change in length was measured according to the method for measuring changes in length of mortars 
and concretes (JIS-A-1 129). The environmental temperatures and humidities at which the test was performed were 10, 
20, and 30°C for the temperature, and 60%, 90%. and in water for the humidity. 
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(6) Setting time: 

The setting time was measured according to the physical testing method for cements (JIS-R-5201). 

5 (7) Compression strength: 

In a similar manner as the physical testing method for cements (JIS-R-5201), the strength was measured on day 7 
and day 28 of curing. Curing was carried out in air (20°C, 60% R.H.). 

10 (8) Surface strength: 

In a similar manner as defined in JASS1 5M-1 03 "Quality Standards for Self-leveling Materials", the surface strength 
was measured on day 14 and day 28 of curing using a bound strength tester of a model proposed by The Building 
Research Institute, Ministry of Construction, Japanese Government. 



15 



25 



30 



35 



40 



45 



50 



(9) Waterproofing performance: 



The self-leveling material was cured in water for 28 days. Thereafter, the compression strength was measured in a 
manner similar to the above. Assuming that the compression strength of the same self-leveling material after cured in 
20 air for 28 days is 100%, the ratio of the compression strength after cured in water was obtained as follows: 



Compression strength when cured in water x 1QQ , % . 
Compression strength when cured in air * °^ 



(10) Cracks and separation: 



The self-leveling material was poured on a concrete floor so as to have thicknesses of 10 and 40 mm, and a size 
of 150 cm x 150 cm, and cured for 28 days. Presence or absence of cracks and separation were checked: 
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Table 4 
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Examples 


Mixing conditions 


Acryl-type dispersing agent 


Melamine-type dispersing agent 






Kinds 


Mixing amounts 


Kinds 


Mixing amounts 


1 


M-1 


S1 


0.4 


M 


0.6 


2 


M-2 


S1 


0.6 


M 


0.6 


3 


M-3 


S1 


0.8 


M 


0.6 


4 


M-4 


S1 


0.6 


M 


0.4 


5 


M-5 


S1 


0.8 


M 


0.6 


6 


M-6 


S1 


0.6 


M 


0.4 


7 


M-7 


S1 


0.8 


M 


0.6 


8 


M-4 


S1 


1.2 






9 


M-5 


S1 


1.6 






10 


M-6 


S1 


1.2 






11 


M-7 


S1 


1.6 






12 


M-2 


S2 


0.6 


M 


0.6 


13 


M-2 


T1 


0.6 


M 


0.6 


14 


M-2 


T2 


0.6 


M 


0.6 


15 


M-2 


T3 


0.6 


M 


0.6 


16 


M-2 


T4 


0.6 


M 


0.6 


17 


M-2 


T5 


0.9 


M 


0.6 


18 


M-5 


T1 


0.8 


M 


0.6 


19 


M-7 


T1 


0.8 


M 


0.6 


20 


M-7 


T1 


1.6 






Comparative Examples 












1 


M-1 


S1 


1.2 






2 


M-2 


S1 


1.4 






3 


M-3 


S1 


1.6 






4 


M-8 






M 


0.6 


5 


M-9 






M 


• 1.0 


6 


M-10 


S1 


0.4 


M 


0.6 


7 


M-11 


S1 


1.6 






8 


M-12 


S1 


1.6 






9 


M-11 


S1 


0.8 


M 


0.6 


10 


M-12 


S1 


0.8 


M 


0.6 


11 


M-13 


S1 


1.6 






12 


M-14 


S1 


1.6 






13 


M-15 


S1 


1.6 






14 


M-16 
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0.6 
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17 
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0.6 
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Table 6 



5 



10 



15 



25 



30 



40 



45 



Results 


of tests 


on flow 


value and 


J-funnel 


value (20' C) 






Immediately 


3 hours later 


6 hours later 






after 


kneading 










Fval uat 




Flow 


J-funnel 


Flow 


J-funnel 


Flow 


J-funnel 






value 


value 


value 


value 


value 


value 






(mm) 


(sec. ) 


(mm) 


(sec. ) 


(mm) 


(sec. ) 




Examples 
















1 


223 


22.6 


225 


24.3 


220 


28.5 


O 


2 


226 


21.2 


218 


29.7 


211 


35.6 


0 


3 


222 


24.5 


213 


34.7 


204 


42.2 


0 


4 


226 


21.1 


220 


31.6 


205 


38.8 


0 


5 


223 


23.1 


217 


33.4 


201 


43.2 


0 


6 


225 


22.0 


214 


31.8 


202 


42.2 


0 


7 


220 


25.3 


211 


34.6 


200 


43.3 


0 


8 


224 


23.3 


223 


26.6 


218 


29.4 


0 


9 


220 


26.3 


214 


34.6 


206 


39.0 


0 


10 


223 


23.9 


215 


31.0 


208 


41.6 


0 


11 


217 


28.8 


209 


37.2 


201 


43.2 


0 


12 


227 


22.4 


223 


28.3 


217 


32.2 


0 


13 


226 


23.2 


224 


26.8 


220 


29.3 


0 


14 


224 


24.8 


221 


27.1 


218 


30.2 


o 


15 


224 


24.6 


222 


28.6 


215 


32.4 


0 


16 


226 


22.7 


227 


24.1 


220 


28.6 


0 


17 


223 


24.3 


221 


27.8 


216 


33-1 


0 


18 


225 


23.4 


221 


27.2 


211 


39.1 


0 


19 


226 


24.2 


223 


26.0 


210 


40.4 


0 


20 


224 


24.5 


220 


27.5 


212 


41.6 


0 


Comparative Examples 












1 


221 


24.3 


224 


26.6 


222 


27.3 


0 


2 


224 


23.0 


226 


25.1 


220 


26.8 


0 


3 


220 


25.0 


222 


27.2 


218 


29.9 


0 


4 


220 


24.8 


225 


25.1 


226 


26.0 


0 


5 


222 


23.7 


72 


178 


NA 


NA 


X 


6 


223 


22.8 


224 


24.3 


221 


27.2 


0 


7 


218 


29.0 


212 


48. 1 


188 


59.8 


X 


8 


216 


32.0 


207 


51.2 


178 


77. 1 


X 


9 


222 


23.3 


206 


39.8 


170 


61.6 


X 


10 


221 


25.2 


198 


43.6 


NA 


NA 


X 


11 


224 


21.5 


219 


33.4 


212 


42.3 


0 


12 


222 


22.6 


218 


34.2 


209 


44.5 


0 


13 


221 


24.0 


216 


36.6 


210 


47.8 


0 


14 


223 


23.2 


163 


52.6 


NA 


NA 


X 


15 


221 


26.8 


133 


84.3 


NA 


NA 


X 


16 


220 


27.6 


NA 


NA 


NA 


NA 


X 


17 


218 


28.2 


NA 


NA 


NA 


NA 


X 



*1: Evaluation of flow values and J-funnel values was carried out by 
giving rating "0" when the flow value was not less than 190 mm 
and the J-funnel value was not greater than 50 seconds after 6 hours 
has elapsed, and rating "X" for others. 
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Table 7 



Results of test on variation in length 
10' C 20* C 

60%H.R. 90%H.R. 



(Unit: x 10" 4 ) 



60%H.R. 90%H.R. 



30' C 

60%H.R. mH.R. 



Evaluation 



♦1 



10 



15 



20 



25 



30 



35 



40 



45 



Examples 



1 


-0.32 


5.69 


-2.65 


6.33 


-3.94 


3.22 


0 


2 


-1.68 


4.33 


-3.87 


4.05 


-5.11 


2.46 


0 


3 


-2.23 


4.16 


-4.98 


2.48 


-5.87 


1.98 


0 


4 


0.11 


5.74 


-1.32 


6.56 


-3.32 


3.14 


o 


5 


3.77 


7.12 


0.96 


7.45 


-2.78 


4.46 


o 


6 


-0.48 


5.42 


-1.68 


6.69 


-3.23 


3.36 


o 


7 


1.20 


6.06 


0.55 


6.78 


-2.80 


4.88 


o 


8 


-0.35 


5.11 


-2.06 


5.84 


-4.25 


2.10 


0 


9 


3.15 


6.74 


0.25 


7.00 


-3.02 


4.11 


0 


10 


-1.12 


4.89 


-2.23 


5.48 


-4.46 


2.74 


0 


11 


1.47 


5.24 


-0.96 


6.03 


-3.41 


3.96 


o 


12 


-1.74 


5.18 


-3.96 


4.46 


-5.63 


2.74 


o 


13 


-1.21 


3.46 


-3.03 


3.73 


-4.13 


2.68 


o 


14 


-1.62 


4.02 


-3.44 


4.12 


-4.67 


2.41 


o 


15 


-1.81 


4.22 


-3.70 


4.43 


-4.95 


2.71 


o 


16 


-1.71 


3.98 


-3.50 


4.22 


-4.33 


2.81 


o 


17 


-1.91 


4.32 


-3.68 


4.50 


-4.64 


2.96 


o 


18 


2.72 


6.62 


-0.23 


7.88 


-2.44 


4.23 


o 


19 


1.33 


5.12 


-0.85 


6.56 


-2.20 


4.02 


o 


20 


1.86 


5.66 


-0.92 


6.98 


-2.45 


3.86 


o 


Comparative Examples 












1 


-0.65 


4.25 


-3.21 


6.02 


-4.42 


3.71 


o 


2 


-2.13 


4.55 


-4.04 


3.83 


-5.63 


2.96 


o 


3 


-2.71 


3.11 


-5.22 


2.14 


-6.54 


2.44 


o 


4 


-2.33 


4.44 


-4.10 


5.25 


-5.63 


4.33 


o 


5 


-0.46 


4.88 


-1.41 


5.01 


-3.44 


4.70 


0 


6 


-1.03 


3.88 


-3.25 


5.15 


-4 .36 


5.22 


0 


7 


6.87 


10.02 


4.21 


11.21 


2.06 


6.07 


X 


8 


4.22 


9.66 


3.12 


10.84 


0.42 


5.05 


X 


9 


7.62 


11.44 


5.64 


12.04 


1.92 


5.40 


X 


10 


4.81 


9.71 


4.31 


11.04 


0.78 


4.48 


X 


11 


-2.75 


4.55 


-11.22 


6.87 


-14.25 


5.36 


X 


12 


-1.96 


14.22 


-7.46 


29.66 


-11.37 


38.84 


X 


13 


0.27 


19.33 


-4.56 


38.41 


-7.25 


49.14 


X 


14 


4.23 


11.23 


2.95 


6.22 


1.02 


4.60 


X 


15 


3.85 


10.05 


3.10 


7.15 


1.30 


5.56 


X 


16 


11.56 


21.22 


7.52 


18.23 


4.12 . 


9.47 


X 


17 


9.22 


16.50 


8.14 


15.30 


6.10 


7.91 


X 



♦1: Evaluation of variation in length was carried out as follows: 
O: (-7 to 10)xl0" 4 at all temperatures and humidities 
X: others 
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Table 9 

Results of tests on cracks and separation (20* C) 

Thickness: 10 mm Thickness: 40 mm *l 

Evalu- 

Cracks Separation Cracks Separation ation 



Examples 



70 



25 



1 


None 


None 


None 


None 
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None 


None 


None 


None 


0 
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None 


None 


None 


None 
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None 


None 


None 


None 
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None 


None 


None 


None 
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13 
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15 
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16 


None 
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17 
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None 
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18 


None 


None 


None 


None 
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20 


None 


None 


None 


None 


0 



Comparative Examples 
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Generated 


Occurred 


X 


13 


Generated 


None 


Generated 


Occurred 


X 


14 


Generated 


None 


Generated 


None 


X 


15 


Generated 


None 


Generated 


None 


X 


16 


Generated 


Occurred 


Generated 


Occurred 


X 


17 


Generated 


Occurred 


Generated 


Occurred. 


X 



•1: For evaluation of cracks and separation for both 
thicknesses of 10 mm and 40 mm, 

0: No cracks or separations 

X: Generation of cracks or separation 
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Table 10 



5 



10 



20 



Results of tests on flow value and J-funnel value (5° C) 


Examples 


Immediately after mixing 


3 hours later 


6 hours later 


Evaluation* 1 




Flow value 
(mm) 


J-funnel 
value (sec.) 


Flow value 
(mm) 


J-funnel 
value (sec.) 


Flow value 
(mm) 


J-funnel 
value (see.) 




21 


228 


23.2 


224 


27.0 


223 


33.4 


0 


22 


230 


24.2 


227 


29.0 


222 


34.2 


0 


23 


228 


25.3 


226 


29.8 


220 


35.7 


0 


24 


222 


27.0 


219 


33.2 


214 


38.8 


o 


25 


225 


26.4 


220 


32.4 


217 


36.9 


O 


26 


236 


23.8 


222 


29.8 


217 


36.2 


O 


27 


235 


20.8 


230 


23.9 


226 


28.0 


O 


28 


226 


25.8 


223 


29.0 


220 


36.4 


O 


29 


237 


20.9 


228 


25.1 


224 


29.4 


O 


30 


227 


24.6 


221 


30.6 


218 


37.0 


O 


Compara- 
tive Exam- 
ples 
















18 


222 


25 2 


210 


32.4 


198 


42.1 


x 


19 


221 


23.4 


203 


35.7 


191 


44.4 


x 


20 


219 


24.9 


202 


36.0 


188 


46.8 


X 


21 


218 


26.5 


202 


36.2 


185 


48.9 


X 


22 


218 


29.6 


199 


38.0 


187 


50.0 


X 


23 


215 


29.9 


195 


40.2 


179 


52.3 


X 


24 


220 


26.1 


206 


37.6 


184 


47.6 


X 


25 


224 


24.2 


212 


35.4 


198 


42.2 


X 


26 


226 


23.1 


225 


26.2 


222 


30.1 


0 



*1 : In Table 10, evaluation of flow values and J-fennel values was carried out as follows: 

O: flow value was not less than 200 mm and J-funnel value was not greater than 40 seconds after 6 hours has elapsed. 
X: others 
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Table 11 



5 


Results of tests on flow value and J-funnel value (20° C) 




Examples 


Immediately after mixing 


3 hours later 


6 hours later 


Evaluation*^ 






Flow value 
(mm) 


J-funnel 

V/ 1 \A III Ivl 

value (see.) 


Flow value 
(mm) 


J-funnel 

\J 1 Ul II Ivl 

value (see.) 


Flow valup 
(mm) 


J-funnpl 

value (see.) 




10 


21 


224 


21.6 


222 


22.3 


221 


24.0 


0 




22 


226 


21.6 


225 


23.0 


223 


25.7 


0 




23 


225 


22.4 


225 


25.7 


221 


27.9 


0 


15 


24 


223 


24.1 


219 


26.6 


216 


29.4 


0 




25 


223 


23.8 


220 


26.1 


218 


28.6 


0 




26 


230 


21.2 


231 


24.2 


228 


27.8 


0 




27 


238 


19.6 


235 


20.2 


230 


23.4 


0 


20 


28 


224 


24.2 


220 


26.2 


215 


31.8 


0 




29 


237 


19.2 


232 


21.7 


230 


24.5 


0 




30 


225 


25.0 


221 


27.9 


217 


32.6 


0 


25 


Compara- 
tive Exam- 
pies 


















18 


224 


22.4 


216 


26.1 


211 


29.4 


0 


30 


19 


227 


21.0 


214 


25.7 


209 


29.6 


0 




20 


224 


22.9 


210 


28.6 


202 


32.8 


0 




21 


220 


25.3 


207 


30.2 


199 


35.2 


X 




22 


220 


25.9 


205 


31.8 


198 


37.8 


X 


35 


23 


218 


27.2 


203 


34.2 


194 


39.2 


X 




24 


223 


24.4 


210 


27.7 


203 


33.2 


0 




25 


223 


26.1 


219 


27.8 


214 


33.4 


0 


40 


26 


224 


21.2 


221 


23.0 


219 


24.6 


0 



* 1 : In Table 1 1 , evaluation of flow values and J-fennel values was carried out as follows: 

O: flow value was not less than 200 mm and J-funnel value was not greater than 40 seconds after 6 hours has elapsed. 
X: others 
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Table 12 



5 


Results of tests on flow value and J-funnel value (30°C) 






Immediately after mixing 


3 hours later 


6 hours later 


Evaluation*^ 






Flow vali ip 
i iuyv vaiuc 

(mm) 


. l-fi mnpl 

\J 1 Lit II 1 CI 

value (sec.) 


Flow vali ip 

(mm) 


.l-ftinnpl 

value (sec.) 


Flow vali ip 

(mm) 


J-funnpt 

value (sec.) 




10 


21 


226 


21.4 


227 ! 


24.4 


229 


27.9 


0 




22 


229 


21.8 


230 


25.1 


232 


27.2 


0 




23 


227 


21.9 


229 


26.2 


228 


28.6 


0 


15 


24 


224 


23.2 


225 


28.3 


223 


30.4 


0 




25 


225 


23.0 


227 


27.0 


225 


29.0 


0 




26 


232 


23.8 


234 


26.3 


226 


29.8 


0 




27 


238 


19.0 


237 


20.2 


233 


24.4 


0 


20 


28 


229 


22.8 


229 


23.4 


227 


26.7 


0 




29 


240 


19.5 


237 


20.4 


232 


24.3 


0 




30 


230 


23.9 


231 


25.7 


227 


28.0 


0 


25 


Compara- 
live txam- 
ples 


















18 


224 


22.6 


222 


25.6 


213 


29.0 


o 


30 


19 


226 


22.4 


220 


26.8 


211 


31.1 


0 




20 


223 


23.2 


218 


29.4 


208 


34.2 


0 




21 


225 


24.6 


216 


30.6 


207 


34.6 


0 




22 


222 


24.8 


214 


31.0 


204 


36.1 


o 


35 


23 


'221 


25.7 


214 


32.6 


201 


38.6 


0 




24 


224 


23.2 


215 


27.7 


206 


32.6 


0 




25 


232 


24.1 


229 


26.8 


226 


29.6 


0 


40 


26 


225 


22.1 


227 


23.9 


226 


26.4 


0 



*1: In Table 12, evaluation of flow values and J-fennel values was carried out as follows: 

O: flow value was not less than 200 mm and J-funnel value was not greater than 40 seconds after 6 hours has elapsed. 
X: others 
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20 
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Table 13 

Results of test on variation in length (Unit: x 10" 4 ) 

10' C 20' C 30' C 



Evaluation* 1 





60%H R 

u won • I V • 


90%H R 


60%H R 


905oH.R. 


605oH.R. 


90%H.R. 




Examples 
















21 


-0.64 


6.11 


-2.88 


6.42 


-4.10 


4.31 


0 


22 


-1.45 


4.58 


-3.50 


4.32 


-4.95 


2.87 


0 


23 


-2.04 


3.97 


-3.80 


4.21 


-4.81 


2.59 


0 


24 


-2.20 


3.50 


-4.17 


3.92 


-5.30 


2.40 


0 


25 


-2.38 


3.28 


-4.25 


3.54 


-5.54 


2.18 


0 


26 


-2.05 


3.16 


-4.66 


2.12 


-5.63 


2.04 


0 


27 


-1.62 


4.43 


-3.88 


4.23 


-5.21 


2.64 


0 


28 


-1.50 


4.71 


-3.51 


4.64 


-4.96 


2.61 


0 


29 


-2.13 


3.66 


-4.76 


2.26 


-6.04 


1.89 


0 


30 


-1.88 


3.62 


-4.23 


2.58 


-5.91 


2.12 


0 


Comparative Examples 












18 


-0.46 


4.79 


-2.99 


6.01 


-4.21 


3.10 


0 


19 


-2.10 


4.16 


-4.21 


3.34 


-5.47 


2.49 


0 


20 


-2.61 


3.96 


-4.64 


3.06 


-5.86 


2.00 


0 


21 


-2.88 


3.61 


-4.71 


2.94 


-6.20 


1.82 


0 


22 


-2.70 


3.54 


-4.94 


2.19 


-6.24 


1.45 


0 


23 


-2.74 


3.76 


-5.06 


2.27 


-6.27 


1.31 


0 


24 


-2.69 


3.78 


-5.47 


1.90 


-6.80 


1.59 


0 


25 


-3.45 


2.75 


-9.86 


4.23 


-13.70 


3.14 


X 


26 


-2.66 


5.02 


-4.23 


5.86 


-5.60 


4.54 


0 



*1: In Table 13, evaluation of variation in length was carried out as 
follows: 

0: less than -7 to 10 xlO' 4 at all temperatures and humidities 
45 X: others 
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10 



15 



20 



25 
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*1: In Table 14, the setting time was evaluated to give a 
rating "0" if the start point was 480 minutes or thereafter 
and the end point was within 1,200 minutes. For other 
cases, rating "X" was given. 

*2: In Table 14, the compression strength was evaluated to 

give a rating "0" if the compression strength was not less 

than 200 kgf/cm^ on day 7 and not less than 250 kgf/cm^ on 

day 28. For other cases, rating 11 X" was given. 

*3: In Table 14, the surface strength was evaluated to give 

a rating "0" if it was not less than 10 kgf/cm 2 on day 14. 

For other cases, rating M X" was given. 

*4: In Table 14, the waterproofing performance was 

evaluated to give a rating "0" if it was not less than 100%. 

For other cases, rating "X" was given. 
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Table 15 



Results of tests on crack and separation 


Examples 


Thickness: 10 mm 


Thickness: 40 mm 


Evaluation* 1 




Cracks 


Separation 


Cracks 


Separation 




21 


None 


None 


None 


None 


O 


22 


None 


None 


None 


None 


O 


23 


None 


None 


None 


None 


O 


24 


None 


None 


None 


None 


O 


25 


None 


None 


None 


None 


O 


26 


None 


None 


None 


None 


O 


27 


None 


None 


None 


None 


O 


28 


None 


None 


None 


None 


O 


29 


None 


None 


None 


None 


O 


30 


None 


None 


None 


None 


O 


Comparative Examples 












18 


None 


None 


None 


None 


. O 


19 


None 


None 


None 


None 


O 


21 


None 


None 


None 


None 


O 


22 


None 


None 


None 


None 


O 


23 


None 


None 


None 


None 


O 


24 


None 


None 


None 


None 


O 


25 


Generated 


Occurred 


Generated 


Occurred 


X 


26 


Generated 


Occurred 


Generated 


Occurred 


X 



*1: In Fig. 15, cracks and separation for both thicknesses of 10 mm and 40 mm were evaluated as follows: 

O: No cracks or separations 

X: Geberation of cracks or separation 



Industrial Applicability : 

Since the self-leveling aqueous compositions according to the present invention maintain high fluidity for a long 
period without affected by temperature changes, it is possible to manufacture the composition in a factory, and transport 
it to the working site by an agitator truck for the installation on the substrate. In addition, the compositions of the present 
invention have excellent characteristics, that is, they exhibit excellent strength such as compression strength and sur- 
face strength, generate only very little changes in length, do not generate cracks, do not separate from the substrate, 
and have high waterproofing performance. Thus, the compositions of the present invention are excellent from the view- 
points of quality and working efficiency. 

Claims 

1. A self-leveling aqueous composition comprising 100 parts by weight of a base material which is a mixture of 
cement and natural type- II anhydrous gypsum which are mixed in a weight ratio from 40/60 to 80/20; 0.1 to 3 parts 
by weight of an acrylic dispersant or a dispersant mixture which contains 0.1 to 3 parts by weight of an acrylic dis- 
persant and 0.1 to 2 parts by weight of a melamine dispersant; 0.01 to 0.6 parts by weight of a thickener; 0.01 to 
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0.6 parts by weight of a defoaming agent; 0.05 to 1 part by weight of a setting accelerator; 0.2 to 6 parts by weight 
of a shrinkage inhibitor; 30 to 300 parts by weight of an aggregate; and 30 to 60 parts by weight of water. 

The self-leveling aqueous composition according to Claim 1, which is a water-soluble copolymer obtained by 
copolimerizing a structural unit represented by the following formula (1), a structural unit represented by the follow- 
ing formula (2), and a structural unit capable of being copolymerized with the monomers of formula (1) and formula 
(2) in a proportion of 40-80/20-60/0-20 mol%: 



CH ? — C 



(i) 



COOM 1 



R2 n 
I 

CH 2 — C 

COO— (CH 2 CH 2 0) k R 3 



wherein R 1 and R 2 are the same or different and each represents H or CH 3 ; R 3 is C1 -C5 alkyl; M 1 is an alkali metal, 
an alkaline earth metal, or an organic amino group; and k is an integer from 5 to 50. 

The self-leveling aqueous composition according to Claim 1, wherein the acrylic dispersant is a graft copolymer 
constituted by structural units of the following formulas (3) to (6): 
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CH? — 



R 4 - 
I 

C 

I " 

C00M2 



(3) 



CH 2 — 



R 5 
I 

C 



R-6 



CH 9 — 



COO— X B -CH 2 C0H 
I 

Y 



R 7 -, 
I 

C 



CH 2 S0 3 M 3 



(4) 



(5) 



CH 2 — C 



R 8 -, 
I 



C00-(CH 2 CH 2 0) £ R9 



(6) 



wherein R 4 to R 8 are the same or different from each other and each represents H or CH 3 ; R 9 is C1 -C5 alkyl; M 2 
and M 3 are an alkali metal; an alkaline earth metal, or an organic amino group; X is CH 2 CH 2 0 or CH 2 CH(CH 3 )0 
or CH 2 ; Y is a polymer block obtained by a radical copolymerization of acrylic amide and a salt of 2-acrylamide-2- 
methylpropanesulfonic acid; m is an integer from 0 to 10; and 1 is an integer from 0 to 30; 
with ratios of the structural units of formulas (3), (4), (5), and (6) being 40 to 80 mol%, 1 to 30 mol%, 1 to 20 mol%, 
and 5 to 30 mol%, respectively. 



The self-leveling aqueous composition according to Claim 1, wherein the acrylic dispersant is a water-soluble vinyl 
copolymer obtained by a radical copolymerization, in an aqueous phase, of a structural unit represented by the fol- 
lowing formula (7), a structural unit represented by the following formula (8), a structural unit represented by the fol- 
lowing formula (9), a structural unit represented by the following formula (10), and a structural unit represented by 
the following formula (11): 
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RIO 



CH 2 — C 



C00M 4 



(7) 



CH< 



CH 2 — C 



CH 2 Z 



(8) 



CH? — 



I 

C 



CH 2 0(CH 2 CH 2 0) n Rl2 



(9) 



CH 2 



CH ; 



R13 -, 
I 

C 



COO— (CH 2 CH 2 0) P R14 



I 

C 



C00R16 



wherein R 10 , R 11 , R 12 , R 13 , R 15 : H or CH 3 ; R 14 , R 16 : C1-C3 alkyl; 
X: -S0 3 M 5 or a group represented by the following formula (12): 



(10) 



(11) 



s ° 3M6 



(12), 



M 4 , M 5 , M 6 : an alkali metal, an alkaline earth metal, ammonium or an organic amine; 
n: an integer from 1 to 30; and 
p: an integer from 5 to 50; 

with the proportion of the structural units represented by formulas (7), (8), (9), (10), and (1 1) being 45-65/8-23/3- 
25/5-25/3-15 mol%. 



The self-leveling aqueous composition according to any one of Claims 1 to 4, wherein the natural type-ll anhydrous 
gypsum is such that not more than 30% by weight thereof is substituted by by-product type-ll anhydrous gypsum 
and/or not more than 20% by weight thereof is substituted by gypsum hemihydrate. 
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A self-leveling aqueous composition, comprising 100 parts by weight of a base material which is a mixture of 
cement and gypsum which are mixed in a weight ratio from 40/60 to 80/20, in which the gypsum is a natural type- 
II anhydrous gypsum containing not more than 30% by weight of by-product anhydrous gypsum and/or not more 
than 20% by weight of gypsum hemihydrate; 0.1 to 3 parts by weight of an acrylic dispersant as defined in Claims 
2, 3, or 4; 0.01 to 0.6 parts by weight of a thickener; 0.01 to 0.6 parts by weight of a defoaming agent; 0.05 to 1 part 
by weight of a setting accelerator; 0.2 to 6 parts by weight of a shrinkage inhibitor; 30 to 300 parts by weight of an 
aggregate; and 30 to 60 parts by weight of water. 
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